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Lab, Project 94O0-97

Technical Memorandum #10

SUMMARY

Mechanical methods currently in use for terminating the armor wire of Variable
fDepth Sonar (VDS) towcables have proven unreliable. NASL undertook the devel-
opment of a poured socket as a means of effecting a more suitable termination.
As part of this work, NASL developed a rigid epoxy compound, designated
NASL-E-4, consisting of an epoxy resin, a curing agent and a filler material
in sufficient amounts to inhibit cracking due to the severe operating require-
ments of VDS systems.

NASL-E-4 epoxy compound and a low temperature melting eutectic metal (Cerro-
Tru) were evaluated as socketing materials. Results of the work, conducted

using SQ•.-lO VDS towoables, showed that a poured socket using the NASL-E-4
epoxy compound developed the full strength of the cable whereas the eutectic
metal developed no greater than about 75% of the strength of the cable.
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ADMINISTRATIVE INFORMATION

Ref: (a) NASL Program Sunmary, Sub-Project No. S2720,, Task 11309
of I May 1966

(b) NASL Project 9400O-53, Technical Memorandum #7 of 20
January 1965

(c) NASL Project 9400-97, Technical Memorandum #5.of 10
August 1965

(d) NASL Project 94900-96, Technical Memorandum #3 of 17
February 1966

TARL. : I, Performance of SQA-IO Cable Terminating Materials Under
Service Simulating Test Conditions

FIGURES: .1, Photo No. L-21054-1, Pouring of NASL-E-4 Epoxy Potting
G .imound in Socket of VDS Cable

2. Photo No. L-21054-2, SQA-lO Cable With Poured Sockets
Shown in Thermal Shock Conditioning Oven

3. Photo No. L-2lO54-3, Poured Sockets of SQA-1O Cable
Shown Submerged in-Thermal Shock Cold Bath'

4. Photo No, L-21O.-), Chamber in Which Poured Sockets of
SQA-lO Cable Were Pressure Tested

5. Photo No. L-21054-5, Freezing of Poured Socket of SQA-I0
Cable kfter 1ressire ?ests

o. Photo :o. L-210',4-6, Instruincntation 'Ised to Maintain
. [evated Temperatu-re During ýxtremes of TemperatureT~, t,

7. Photo No. L-21054-7, SUA-1O Cable W Lth Poured Epoxy
S-ock;Eglf ter TWe•she Test

"8. Photo No. I-21054-8, Eutectic Socket of SQA-1O Cable
ghowing Pull-Out of Cable During Tensile Test
(Pressure Conditioned)

9. Photo No. L--O2•05-9, Batectic Socket of SQA-1O Cable
Showij Shearing of Eutectic During Tensile Test
(Thermal Shock Conditioned)

P',ill.') X: A. Description of Socketing Materials and Socketing Prooedures

"1. As described in reference (a), the U.S. Naval Applied Science
"I.Aboratory is ocnductinM, research and development of components and
matorials to improve the performance and reliability of Variable
Dopth Sonar Systems. The work described in this report wan conducted
by the Dielectrics Group of the Plastics and Elastomers Branch
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under the general supervision of Mr. C. K. Chatten, Branch Head and by the
Mechanics Branch under the general supervision of Mr. H. V. Cordiano,
Branch Head.

BAI.CKGROUND

2. Mechanical type terminations now in use on VDS towlines are expensive,
require elaborate machining and the use of special tools for forming the
armor wire. Furthermore, the quality of a mechanical termination depends,
to a large degree, on workmanship. There is also some question as to the
reliability of the mechanical type termination as there has been a high
incidence of "fish" loss attributable, in some cases, to failure of the
termination. For the cited reasons, the Laboratory has undertaken the de-
velopment of a poured socket termination using either epoxy potting compound
or eutectic metal to replace the mechanical socket currently in use.

3. As part of this work, NASL developed a rigid epoxy compound, designated
NASL-E-4, consisting of the ingredients shown in the following table.

EPON 828 Epoxy Resin Condensation product of 100 parts
bisph~nol A and epich- by weight
lorohydrin

Diethylaminopropy- An amine curing agent 8 partslamine which promotes cure at by weight

room temperatures

325 Mesh Tabula T61 Filler material added 200 parts
Alumina to increase adhesion by weight

and to inhibit cracking

4. References (b) and (c) describe the results of single wire tensile tests
evaluating various epoxy socketing materials, including NASL-E-4, andvarious preparation mothods. This work indicated that the NASL- -4 epoxy

compound using sandblastintg as a surface preparation was most suited for the
intended application. Tensile tests on SQA-1O and SQA-13 (old) towoables,
using NASL-E-1i epoxy terminations, showed that the poured opoy socket
developed 100% of the towoable .strength.

5. Single wire tensile tests were also conducted on Corro-Tru eutectic
metal with satisfactory results, indicating that further investigation of
the material was justified.
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OBJECT

6. The objective of this work is to determine the reliability of epoxy
potting compounds and eutectic metal as socketing materials for use in VDS
towline system applications.

PROCEDURE

7. As described in paras. 4 & 5, the epoxy compound, NASL-E-4, and the Cerro-
Tru eutectic alloy have sufficient holding strength in an "as cast" condition
to provide possible application as sooketing materials for VDS towlines. To
determine reliability of the materials, further work was conducted which was
designed to simulate service conditions.

8 To this end, six lengths of SQA-1O cable were terminated, three with
NASL-E-4 compound and three with Cerro-Tru alloy. The socket used was of the
open spelter type, 1-3/8" - 2-5/8" in diameter by 5-1/20 long. Pertinent
information regarding the socketing materials, and the techniques used in
applying the materials is contained in Appendix A. Pouring of an epoxy socket
is shown in Figure 1. Two cables, one of each type, were subjected to the
following test conditions:

a. Thermal Shock and Heat Endurance - The cables were heat aged in a
gravity type oven (see IgRurel2) maintained at 1580 F for a period of 700 hours.
The cables were removed from the oven at intervals of 24 to 72 hours, a total
of 20 times, and the sockets submerged each time for 10 minutes in a water and
dry ice bath (see Figure 3) maintained at 390F. The sockets were inspected
visually after both removal from the oven and from water bath for evidence of
material cracking. After completion of the evaluation, tensile tests were
conducted on the cables at 77OF to determine the performance of the socketing
materials.

b. !drostatic Pressure - The cables were immersed in water at 500 psi
pressure for a period o' 700 hours. Figure 4 shows the chamber which was
used. The pressure was thon cycled 100 times from 0 - 500 psi, the time for
each cycle being approximately one-half minute. After pressure cycling, the
aockets were removed from the chamber and inspected visually for evidence of
material cracking. The sockets were then submerged for two hours in an
alcohol and dry ice bath (see Figure 5) maintained at 230F to freeze the
water that may have been absorbed during pressure exposure, and the sockets
were again inspected for material cracking due to water expansion. Tensile
tests were then conducted on the cables at 77OF to determine the perform e
of the socketing materials.
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c. Extremes of Temperature - Tensile tests were conducted on the cables
with the sockets held at the operating temperatures of VDS towlines. The
socketing material :on one end of the cable was maintained at a temperature of
158 F by means of a thermostatically controlled heating mantle placed around
the socket. Figure 6 shows the heating mantle and the instrumentation used.
The socket on the opposite end of the cable was fitted with a polyethylene
bag containing dry ice. A thermocouple embedded in the material was used to

W measure temperature. The tensile test was started when the material reached
a temperature of -20 F. This temperature was maintained duriog the test.

RESULTS

9. Results of tests are contained in Table 1. Figures 7 through 9 show the
effects of tensile tests on cables and conditioned sockets.

CONCLUSIONS

10. Results of tests showed the following:

a. A poured socket is a practical and reliable method of terminating
the armor wire of VDS towline systems.

b. The NASL-E-4 developed epoxy potting compound possesses the re-
quired properties for terminating the armor wire of SQA-10 VDS towline
systems.

a. The Cerro-Tru eutectio metal is unsatisfactoxy for terminating the
armor wire of SQA-I0 VDS towline systems because of insufficient strength.

ADDITIONAL STUDIE=

11. The following supplementary work has been conducted using the NASL
developed epoxy socket:

a. A 1-518" locked coil wire rope wos socketed on one end with a con-
nmercially developed wire rope potting compownd and the other end was socketed
with the NASL-E-4 material. Tensile test, was then conducted on the rope with
the result that both socketing materials held and the rope was broken at a
load of 343,000 pounds. However, the commercial material was found to be
cracked and a portion of it had been pulled out of the socket. NASL-E-4 ex-
hibited no deficiencies. Complete results of this work are contaited in
reference (d).

6
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I i. b, Three 3/4"1 titanium wire ropes were socketed with the NABL- -4
material and tensile tests were conducted. The sockets maintained their in-
tegrity in all cases and the wire ropes were broken at an average load of
approximately 4h,800 pounds.

FUTURE WORK

12. As final evaluation of the reliability of the NASL poured epoxy socket,
the following is planned:

a. Arrangements will be made with the Illinois Tool Works for trial
installation of the poured socket on SQA-1O equipped ships.

b. Various lengths of SQA-13 cable will be epoxy socketed and the cables
subjected to vibration and cyclic impact tests under a contract with the Pre-
formed Line Products Company.
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PROTO L-21054~-2

Fig~ure 2 -SQA-10O Galble Wit~h Poured Socket3 Shown in Thermal Shock Conditiollint,* Oven

U.S. NAVAL APPLIED SCIENCE LABORATORY LAD. PROJECT 9400O-9~?
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PHOTO

F'igure ~3-Freezing of Poured S)ocket Of' SQA-iO (Thb2e Af'ter PŽIve, ieznto
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TABLE 1

PIUi-O1''V~P Oý' S(QA-10 FVY'-.T) s0cKrPS J'LRSýFVTCI4ý ST'TiLATT-;', T-ST (CC",

A. 'hermal Shock and Heat indurarice~l

Tensile Test of~
Condition of' Socketing, Socketed SQ)A-l0

00ocketing 1,aterials Vriterial !D)urinE Shock Cable After Shook

1.WS-~hEpoxy To Cracking Cable ;'reak at No cracki
Pot'tingc Compound 138,000 pounds out of ma

2. Cerro-"ýru !-ýutettic '0 Crackint, Cable Pull-C-ut at ",a Ue pul
Metal 103,000 pounds layer of'

the wire.

~~ q1,,d~ro!static Pre~ssure(?

FFFCondition of Socketing (4a)
Material Tensile Test of

After After 0ocketed SQA-lO
Pressnure Frnez ing Cable After

Sockteting ý'Aterials ____ oktPressure Test

I* NASL-E-b ý,'poxy NO NO Cable *)reak at J o c rn c i
S Potting Compound Cracking Cracking IL2,14Q0 pouinds Out of M3

2* rerro- Prii [futectic rIo Cable Pull-Out a t Wire pull
Ipetal Cracking Oracking,. V,50C poundts Tnspectio

rA nfl as so.
present o

C. '"xtromes of 'Pe,,iperature(3)

Tensile 'Post of Socketed(4a)

SocicetinEg ýaterialis SQIA-lU Cable ;eIsiarks

1 IA.Sj,_r,_j ý'poxy Cable -Ireak at 136,600 No cracking; of inaterial; no pull-a
Potting Compound pounds socket.

L2, Cerro-Tru k',utectic Clable Pull-Out, at, '12, 000 Cable pulled out with thick layer
MNtAl pound8a the wire. Pull-out was attile

socket.
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4ST CO,,!;'I Mq'ýS

I Remarks
racking of material no pull-

ing i of material from socket.
iat,

e pulled out with thick
11w or of eutectic surrounding
r e wire.

Remarks

racking of material; no null-
(i of material from socket.

pulled out of eutectic.
Is etion showed faulty suclkt-
on as soldering flux was still
ol nt on wires,.
on.

I-out of material frovi
ou

*yer of 2.ectic surrounding!
0t elevat', temperature

ev'7/



N'OT&9: (1) 700 hours exposure at 158°F plus 20 cycles between 15!9°F and 39 0 F.
sexposure at 500 psi plus 10 one-half minute cycles between 0 and 500

(3) One socket maintained at 1580F during test; the other maintained at -20°F.
(1) Nominal strength .of S,'A-l0 cable is 122,000 pounds.

it
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led out with thick layer of eutectic surrounding

PS e.Pull-out was at the elevated temperature

Fand 39'F.
cycles between 0 and 500 psi-
maintained at -200F.
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APPENDIX A

DESCRIPTION OF SOCKETING MATERIALS AND SOCKETING FROMOURES

1. Socketing Materials

Melting
Material. Ingredients Manufacturer Temperature

a.
NASL-E-4 100 Parts Shell Oheuti- Ingredients
Potting Epon 828 cal Company Taixe at
Compound 77"F

325 i e,;. T ,1 of •,•erica
Tabular
Alumina

8 Parts Die- Miller-Stephenson
thylaminopro- Chemical Company
pylamine
Curing Agent

b.
Cerro-Tru Alloy of Tin Cerro dePaco 282°F

Eutectic and Bismuth Company
Metal

2. Socktini rcediures

a. NASL-E--4 Potting C2mpound

(1) Sockets were placed on and secured to the cable with cord.

(2) Seizing wire was applied to the cable starting at a distance
• •' from each end of the cable.

(3) The cable ends were unravelled and fanned out down to the
seizing wire, then the ends of the cable were thorougl~ly degreased with!, _ X~ ~ l O l . , ,

Al t.
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APPENDIX A

DESCRIPTION OF SOCKETING MATERIALS AND SOCKETING PROCEDURES

(4) The ends of the cable were sandblasted at 100 psi air
pressure using a 100-200 mesh particle.

(5) The sockets were pulled over the ends of the cable,
then each socket, in turn, was set in an upright position in a
vise.

(6) The material was prepared, poured in the socket, and

cured for 16 hours at 77 0F.

(7) The sockets were removed from the vises, then the
compound was post cured in an air circulating oven for five hours
at 1220 F.

b. Cerro-Tru Eutectic Metal

(1) Sockets were placed on and secured to the cable with cord.

(2) Seizing wire was applied to the cable starting at a
distance 5•" from each end of the cable.

(3) The cable ends were unravelled and fanned out down to the
seizing wire, then the ends of the cable were thoroughly degreased with

(4) Soldering paste was brushed onto the wire on each end of
the cable.

(5) The sockets were pulled over the ends of the cable, theo
each socket, in turn, was set in an upright position in a vise.

(6) The sockets were heated with an acetylene torch to a
temperature of 200OF as measured with a contact thermometer.

(7) The material was brought to a tomperature of
285 0F, then poured in the respective sockets. The 2850F temperature
is sufficient to vaporize the flux, and effect tinning of the cable
wire by the eutectic.
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